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The present invention relates to new fusion proteins which consist of a tumor-associated targeting 
element preferentially a monoclonal antibody or a fragment thereof recognizing a molecule which is 
preferentially expressed on human timer cells such as the human epidermal growth factor receptor (EGFR), 
and a biologically active ligand such as a growth and/or differentiation factor. The resulting fusion protein 
5 may be used to deliver the biologically active ligand to a specific target cell or tissue. The new 
immunoconjugates can be used in tumor therapy. 

Background of the invention 

w A variety of different therapeutic concepts have been used for the treatment of cancer patients. In the 
past years clinical trials have been performed with monoclonal antibodies, which recognize specifically or 
preferentially cell surface molecules expressed on malignant cells. Aim of this approach is the induction of 
antibody-dependent cellular cytotoxicity (ADCC) or complement-mediated cytotoxicity (CDC) to eliminate 
tumor cells. A second approach is the cytokine-mediated activation of an immune response. The cytokine- 

75 induced anti-tumor activity can be mediated by: 

1) a direct cytotoxic/cytostatic effect of the cytokine on tumor growth 

2) tumor-antigen-nonspecific mechanisms such as LAK activity or monocyte/macrophage mediated 
cytotoxicity 

3) tumor-antigen specific immune responses mediated by CD4 and CD8-positive T cells. In this situation 
20 a systemic immunity against the tumor has been observed in animal models. 

Unfortunately, systemic application of cytokines such as IL-2 or TNFa is hampered by their toxicity 
(Rubin, Cancer Invest. 11:460-472, 1990; Balkwill, Nature 361:206-207, 1993). To ensure a sufficient 
cytokine concentration at the tumor site rather high doses have to be administered and the maximumly 
tolerable dose is below the dose required for efficacy. Therefore, the negative effects of cytokines are 

25 mainly a consequence of the systemic application, but their clinical relevance in tumor therapy is 
undoubted. In animal models it was demonstrated that in situ presence of the cytokine either by 
intratumoral injection or by secretion of transfected tumor cells may lead to tumor regression (Hock et al. 
PNAS 90:2774-2778, 1993; Colombo et al. Cancer Res. 52:4853-4857, 1992; McBride et al., Cancer Res. 
52:3931-3937, 1992; Tepper et al., Science 257:548-551, 1992; Mullen et al., Cancer Res. 52:6020-6024, 

30 1992; Blankenstein et al, J. Exp. Med 173:1047-1052, 1991; Gansbacher et al., J. Exp. Med. 172:1217-1224, 
1990). In these systems, cytokines do not impair tumor proliferation, but are capable of activating a rapid 
and potent anti-tumor reaction. Therefore, the physical combination of an effector molecule and a targeting 
element represents a means of reducing the peripheral presence and enhance the intratumoral availability 
of the biologically active ligand. Furthermore, single tumor cells or micro-metastases can also be targeted 

35 by these molecules. 

The biologically active ligand for an antibody-directed targeting should induce the destruction of the 
target cell either directly or through creating an environment lethal to the target cell. The biologically active 
ligand can be a cytokine such as IL-1, IL-2, IL-4, IL-6, IL-7, IL-10, IL-13, IFNs, TNFa or CSFs. These 
cytokines have been shown to elicit anti-tumor effects either directly or by activating host defense 

40 mechanisms (Mire-Sluis, TIBTECH 11:74-77, 1993; Colombo et al. Cancer Res. 52:4853-4857, 1992; 
Thomas & Balkwill, Pharmac. Ther. 52:307-330, 1991). 

For instance, IL-2 is considered the central mediator of the immune response. II-2 has been shown to 
stimulated the proliferation of T cells and NK cells and to induce lymphokine-activated killer cells (LAK). 
Tumor-infiltrating T lymphocytes proliferate in response to IL-2. Furthermore, II-2 enhances the cytotoxicity 

45 of T cells and monocytes. In addition, IL-2 induces a cytokine cascade secreted by T cells, NK cells and 
monocytes which further potentate the immune response. 

TNFa has found a wide application in tumor therapy, mainly due to its direct cytotoxicity for certain 
tumor cells and the induction of hemorrhagic regression of tumors. In addition,TNFa potentiates the immune 
reponse: it is a costimulant of T cell proliferation, it induces expression of MHC class I and class II antigens 

50 and TNFa, IFN and IL-1 secretion by macrophages. IL-4 was initially described as a B cell growth factor. In 
further studies IL-4 was shown to stimulate antigen-specific cytotoxic T cells and to act specifically on T 
cell-like LAK cells rather than NK cell like LAK cells. IL-4 inhibits the growth of human melanoma cells 
enhances their MHC class I and II expression. The induction of macrophage mediated anti-tumor effects by 
IL-4 is still controversial. 

55 IL-7 is a growth factor for pre-B cells as well as for human peripheral CD4 and CD8 positive T cells. IL- 

7 directly augments the cytotoxicity of the CD8-positive T cell subpopulation. In addition IL-7 induces the 
production of IL-1, IL-6 and TNFa by peripheral monocytes. In vitro, the tumoricidal activity of mono- 
cytes/macrophages can be stimulated by IL-7, possibly mediated by cytokines, such as TNFa. 
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Epidermal growth factor (EGF) is a polypeptide hormone which is mitogenic for epidermal and epithelial 
cells. When EGF interacts with sensitive cells, it binds to membrane receptors (EGFR). The EGFR is a 
transmembrane glycoprotein of about 170 kD, and is a gene product of the c-erb-B proto-oncogene. 

The murine monoclonal antibody MAb 425 was raised against the human A431 carcinoma cell line 
5 (ATCC CRL 1555) and found to bind to a polypeptide epitope on the external domain of the EGFR. It was 
found to inhibit the binding of EGF and to mediate tumor cytotoxicity in vitro and to suppress tumor cell 
growth of epidermal and colorectal carcinoma-derived cell lines in vitro (Rodeck et al. , 1987, Cancer Res. 
47, 3692). Humanized and chimeric versions of MAb 425 are known from WO 92/15683. 

Antibody-cytokine immunoconjugates in various combinations for the directed delivery of active proteins 
w have been described previously. IL-2 was combined with the human carcinoma-specific antibody L6 (Fell et 
al., 1991, J. Immunol. 146:2446-2452, EP-OS- 0439095), or with an anti-ganglioside GD2 antibody (Gillies et 
al., 1992, PNAS 89:1428-1432, WO 92/08495). Immunoconjugates comprising of an anti-dansyl antibody 
and IGF1 have been generated for the directed delivery of hormones (Shin & Morrison, 1990, PNAS 
87:5322-5326, WO 91/14438). 
w Thus, it was object of the invention, to create antibodies or fragments thereof comprising (1) an epitope 
directed to an EGFR antigen on the surface of a tumor cell and (2) a biologically active ligand having a high 
potential for induction of cytotoxicity, and, therefore, intensifying the anti-tumor effect in situ. 

Summary of the Invention 

20 

The invention relates to immunoconjugates which combine part of a monoclonal antibody minimumly 
the antigen-recognition site or a complete monoclonal antibody with a biologically active ligand. The 
constructs encoding these immunoconjugates are generated with recombinant DNA technology methods. 
The immunoconjugates contain the variable region of the antibody heavy chain and the CH1 domain of the 
25 constant region (antibody-CH1 conjugate), or the CH1 and CH2 domain of the constant region (antibody- 
CH2 conjugate), or the CH1, CH2 and CH3 domain of the constant region (antibody-CH3 conjugate) fused 
to the biologically active ligand. By addition of the appropriate light chain immunoconjugates can be 
generated which target antigen-bearing cells and deliver an active ligand to a specific site in the body (Fig. 
1 a-c). 

30 By means of the immunoconjugates according to the invention tumors, such as melanoma, glioma and 
carcinoma can be detected and treated successfully. 

Thus, it is an object of the present invention to provide an immunoconjugate comprising of (1) a 
monoclonal antibody or a fragment thereof directed to a tumor cell bearing an antigen epitope of the 
epidermal growth factor receptor (EGFR), and (2) a biologically active ligand, preferrably a cytokine, which 
35 is fused to said antibody or antibody fragment and having a cytotoxic capacity to lyse the tumor cell 
specifically in situ or inducing a tumor-specific immune response. 

In a preferred embodiment according to the invention the cytokines are selected from the group TNFa, 
IL-2, IL-4, and IL-7. 

In another preferred embodiment according to the invention the antibody or antibody fragment derives 
40 from murine, humanized or chimeric MAb 425. 

In a further preferred embodiment of the invention the immunoconjugate is selected from the group 
MAb 425-CH1-TNFa, MAb 425-CH2-TNFa, MAb 425-CH3-TNFa, MAb 425-CH1-IL2, MAb 425-CH2-IL2 and 
MAb 425-CH3-IL2, MAb 425-CH1-II-7, MAb 425-CH2-II-7 and MAb 425-CH3-II-7. 

Furthermore, it is an object of the invention to provide a method for manufacturing an immonoconjugate 
45 as defined above and in the claims by means of a host organism by fusing the DNA sequences encoding 
for the antibody or antibody fragment and the biologically active ligand with one another, placing the 
resulting construct into an expression vector which is transformed into said host organism, cultivating the 
host cells in a nutrient solution and expressing the fusion protein. 

In a preferred embodiment according to the invention a technology is used, wherein the DNA 
50 sequences encoding for the antibody or antibody fragments and the biologically active ligand are fused on 
a single stranded DNA by means of a oligonucletide which is complementary to the desired fusion DNA- 
sequence. 

Furthermore, it is an object of the invention to provide a pharmaceutical composition comprising at least 
an immunoconjugate as defined above and in the claims and a physiologically acceptable carrier. 
55 Finally, it is an object of the invention the use of the immunoconjugates as defined above and in the 

claims for the preparation of a drug directed to tumors. 

It was found that especially in the case of the antibody-CH2 and antibody-CH3 conjugates such as, for 
example, MAb 425-CH2-TNF« and MAb 425-CH3-TNF« the induction of cellular cytotoxicity was superior 
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as compared to uncoupled TNFa. This is probably due to the combination regarding the binding properties 
and the induction of ADCC by the constant regions of the monoclonal antibody and the cytokine aktivities. 

The antibody-CH1 conjugates according to this invention are advantageous with respect to the small 
molecular size and the possibility of expression in prokaryotes. Furthermore, the small size will faciliate 
5 (tumor) tissue penetration. 

The immunoconjugates of the invention show additionally good binding and proliferation properties in 
comparison with the monoclonal antibody, preferrably MAb 425, as such, or fragments thereof. 

Material and methods 

w 

Monoclonal antibodies 

MAb 425 is an lgG1 murine monoclonal antibody raised against the human A431 carcinoma cell line 
(ATCC CRL 1555). MAb 425 binds to a polypeptide epitope of the external domain of the human EGF 
15 receptor and competes with the binding of EGF. MAb 425 was found to mediate tumor cytotoxicity in vitro 
and to suppress tumor cell growth of epidermoid and colorectal carcinoma derived cell lines in vitro 
(Rodeck et al., 1987, Cancer Res. 47:3692). Humanized and chimeric versions of MAb 425 have been 
disclosed in WO 92/15683. 

20 Cytokines 

Cytokine-encoding cDNAs were either purchased from British Biotechnology Limited (Herrmann Bier- 
mann GMBH, Bad Nauheim FRG: human IL-2 BBG30. human IL-4 BBG15, human IL-7 BBG43, human 
TNFa BBG18). The commercially available cDNAs are lacking the signal sequence necessary for protein 
25 excretion. Cytokine-encoding cDNAs can be generated from mRNA isolated from cytokine-producing cells. 

Vectors 

pUC19 is part of a series of related high copy number E. coli plasmid cloning vectors and contains 
30 portions of pBR322 and M13mp19. pUC19 contains the inducible bacterial lac promoter-operator, followed 
by a multiple cloning site (Yanisch-Perron et al., Gene 33:103-109, 1985). pUC vectors are commercially 
available (e.g. New England Biolabs). The pBluescript KS/SK+ and KS/SK- phagemid vectors are derived 
from pUC19. The vectors are commercially available (Stratagene). 

The eucaryotic expression vector pHCMV (Gillies et al., 1983, Cell 33:717) contains the origin of 
35 replication of the simian virus 40 (SV40) and the promotor and enhancer region of the human 
cytomegalovirus. The promotor/enhancer region is followed by a multi cloning site (mcs) for the introduction 
of genes to be expressed. In this vector the chimeric form of the mAB425 heavy chain variable region and 
the ASacll c?1 region fused with the effector molecule at the end of the CH1, CH2 or CH3 domain, 
respectively, were combined to generate a MAb 425 heavy chain fusion protein. The fusion Ig chain can be 
40 assembled into the immunoconjugate by combining it with the appropriate light chain to form a monovalent 
antigen-binding region, which can then be associated to produce a divalent immunoconjugate specific for 
the target antigen (figure 1). The heavy and light chain constructs can be placed in the same or separate 
vectors. 

The procaryotic expression vector is based on the pSW1 vector (Ward et al., Nature 341: 544-546, 
45 1989), which is a derivative of the pUC19 vector. pSW1 contains a sequence coding for the leader peptide 
of the bacterial pelB gene from Erwinia carotovora (Lei et al., J. Bact. 169:4379-4383, 1987). Foreign 
DNAs can be introduced in frame behind the pelB leader sequence to direct protein expression into the 
periplasm. 

50 Brief description of the figures and tables 

Table I: PCR primers used for the generation of MAb425-cytokine fusion proteins (eucaryotic 
expression) 

55 * Reverse primer hybridizing to the Stratagene pBluescript vectors SK + /- and KS +/- (commercially 
available); 

** This primer hybridizes to the Cg1 constant region including the unique Sacll site; 
*** Reverse primer hybridizing to M13 derived vectors (commercially available). 
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Table II: PCR primers used for the generation of MAb425-cytokine fusion proteins (procaryotic 
expression) 

Fig. 1: Model of antibody-cytokine immunoconjugates. 

5 C = cytokine; VH = heavy chain variable region; VL = light chain variable region; CH = 

constant region heavy chain; CL = constant region light chain, 
(a) antibody-CH1 conjugate, (b) antibody-CH2 conjugate, (c) antibody-CH3 conjugate. 
Fig. 2: Binding of immunoconjugates to EGF-R in an EGF-R-specific ELISA. 

Supernatants of transiently transfected COS-7 cells were tested for immunoconjugate con- 

w tent. Vertical axis: % absorbance at 490 nm; horizontal axis: Dilution of supernatant (log2). 

MAb425CH1-TNF« (filled circles), MAb425CH2-TNFa (filled squares), MAb425CH3-TNFa - 
(filled triangles), MAb425-control (filled diamond), MAb425FAb-control (inverted filled tri- 
angle), MAb425F(ab')2 reshaped (purified protein) (filled hexagon). 
Fig. 3A: IL-2 activity of MAb425-CH1-IL-2 immunoconjugate expressed in COS-7 ceils. 

w CTLL-2 cells were used as indicator cell line. Proliferative activity of serially diluted COS 

supernatant containing MAb425-CH1-IL-2 is shown in the left panel (filled circles). COS 
supernatant containing MAb425 Fab-control were used as control (open circles). Filled 
triangel: medium control. Proliferative response of CTLL.2 cells upon activation with recom- 
binant commercial IL-2 protein or without IL-2 (KO) is given in the right panel. 

20 Left panel: horizontal axis = reciprocal dilution, vertical axis: radioactivity (ccpm) 

Right panel: horizontal axis = IL-2 (U/lml), vertical axis: radioactivity (ccpm) 
Fig. 3B: IL-2 activity of MAb425-CH1-IL-2 immunoconjugate expressed in E. coli. 

CTLL-2 cells were used as indicator cell line. Left panel: Proliferative activity of serially 
diluted MAb425-CH1-IL-2 expressed in E, coif and affinity purified over an anti-MAb425 

25 idiotypic column is shown in the left panel (filled triangles). COS supernatant containing 

MAb425-CH1-IL-2 were used as control (closed circles). Dialysis buffer (closed squares). To 
ensure that the buffer did not affect IL-2 activity, dialysis buffer was titrated in the presence 
of a constant concentration of IL-2 (1U/ml) (inverted filled triangles). Right panel: Proliferative 
response of CTLL.2 cells upon activation with recombinant commercial IL-2 protein (closed 

30 circles) or without IL-2 (KO) (closed triangle). 

Left panel: horizontal axis = reciprocal dilution, vertical axis: radioactivity (ccpm) 
Right panel: horizontal axis = IL-2 (U/lml), vertical axis: radioactivity (ccpm) 
Fig. 3C: Induction of TIL proliferation by MAb425-CH1-IL-2 immunoconjugate. 

Melanoma tumor infiltrating lymphocytes were cultured without (KO) or in the presence of 

35 serially diluted COS supernatants containing 425- CH1 -IL-2 immunoconjugate (left panel). 

Proliferative response of TILs upon activation with recombinant commercial IL-2 is shown in 
the right panel. 

Left panel: horizontal axis = reciprocal dilution, vertical axis: radioactivity (ccpm) 
Right panel: horizontal axis = IL-2 (U/lml), vertical axis: radioactivity (ccpm) 
40 Fig. 4: Induction of HPBL proliferation by MAb425-IL-4 immunoconjugates (human periph- 
eral blood lymphocytes) 

PHA-activated HPBLs were cultured in the presence of serially diluted COS-supernatants 
containing MAb425-CH2-IL-4 (closed circles), MAb425-CH3-IL-4 (closed triangles) fusion 
proteins. Supernatants containing MAb425 (closed square), IL-4 (closed diamond) and vector 

45 control (closed inverted triangle) were used as control. Proliferative response of HPBLs upon 

activation with recombinant commercial IL-4 and without growth factor (KO) is shown in the 
right panel. Upper Panel: horizontal axis = IL-4 (U/ml), lower panel: horiz. axis = dilution, 
vertical axis: radioactivity (ccpm) 
Fig. 5: MAb425-TNFa immunoconjugate cytotoxicity on WEHI 164 cells. 

so TNFa sensitive murine fibrosarcoma cell line WEHI 164 were cultured for 48h in the 

presence of serially diluted COS supernatants (left panel) containing 425-CH1-TNF« im- 
munoconjugate (filled squares) or 425-CH2-TNFa immunoconjugate (filled triangles) or 
MAb425 Fab-control (filled circles). Growth inhibition of indicator cells induced by commercial 
recombinant human TNFa is given in the right panel. Horizontal axis: dilution (upper panel), 

55 TNFa (U/ml) (lower panel). 

Fig.6: MAb425-TNF« immunoconjugate mediated tumor cytolysis by PBMC. 

Non-activated human peripheral blood lymphocyte (PBMC) were used as effector cells and 
cocultured with allogeneic EGF-R-positive 51 Cr-labeled C8161 target cells at an effec- 
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tor/target ratio of 30:1. Percent specific lysis is given after 18h of coculture without or in the 
presence of serially diluted COS-supernatant containing MAb 425CH3-TNFa immunocon- 
jugate (hatched bars). Recombinant TNFa (Genzyme) was expressed as a 36 kDa dimer in 
E. coli (dotted bars). Vertical axis: % specificy lysis. 

5 

Detailed Description of the Invention 
General: 

w Other microorganisms, cell lines, piasmids, promoters, resistance markers, replication origins, restriction 
sites or other fragments of vectors which are mentioned in the application are commercially or otherwise 
generally available. Provided that no other hints are given, they are used only as examples and are not 
essential according to the invention and can be replaced by other suitable tools and biological materials, 
respectively. The techniques which are essential according to the invention are described in detail below. 

75 Other techniques which are not described in detail correspond to known standard methods which are well 
known to a person skilled in the art or are described more in detail in the cited references and patent 
applications and in standard literature (e.g. "Antibodies, A Laboratory Manual", Harlow, Lane, Cold Sprng 
Harbor, 1 988). 

20 Expression of fusion proteins in eucaryotic cells 

Construction of the eukaryotic expression vectors for Fab425-cytokine fusionprotein expression 
Fusion of MAb425 and cytokines by loop-out technology: 

25 

Generation of TNFa constructs: 

The Sacll/Xbal fragment of the ASacll c 7 1 clone was inserted into Bluescript SK+ containing the 
cytokine-encoding sequences such as the TNFa cDNA. The TNFa cDNA was introduced between the Smal 
30 and EcoRI site. The resulting construct was prepared as single stranded DNA by addition of the appropriate 
helper phage. The CH2 or CH3 domain was fused in frame to the 5'end of the TNFa coding sequence. The 
oligonucleotides 

35 5* CGAAG ATGATCTGACCAT TTTGGCTTTGGAGATGGT 3 f 

TNFa | cg1 CH2 domain 

5* CGAAGATGATCTGACCAT TTTACCCGGAGACAGGGA 3' 

40 _ I 

TNFa I cg1 CH3 domain 

are homologous to the 3' end of the CH2 domain and CH3 domain, respectively, and the 5' end of the 
45 TNFa coding sequence. The single stranded DNA sequences are held together by the oligonucleotide and 

the unwanted sequences between are removed from the construct. The oligonucleotides have the opposite 

orientation, because the upper strand was generated as single stranded DNA. 

The DNA was filled up to the double-stranded form by sequenase polymerase. This enzyme is not 

error-prone like Amplitaq DNA polymerase and therefore only the DNA sequence of the junction of isolated 
50 clones was determined. Those clones with the correct sequence were combined with the sequences 

necessary to generate a complete mAb425 fusion protein and cloned into the pHCMV vector for expression 

in eucaryotic cells. 

Generation of IL-4 constructs: 

55 

For these constructs the complete ASacll C7I clone was inserted into Bluescript KS + as Kpnl/Sall 
fragment. IL-4 was cloned as Hindlll/EcoRI fragment into the same vector. The fusion was performed as 
described for the TNFa constructs with the oligonucleotides 
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5 f GATATCGCACTTGTGCAT TTTGGCTTTGGAGATGGT 3' 
IL-4 | cg1 CH2 domain 

5 

5' GATATCGCACTTGTGCAT TTTACCCGGAGACAGGGA 3' 
IL-4 j cg1 CH3 domain 

10 

for the fusion to the CH2 and CH3 domain, respectively. 

The clones with the correct sequence were combined with the sequences necessary to generate a 
complete mAb425 fusion protein and cloned into the pHCMV vector for expression in eucaryotic cells. 

15 Fusion of MAb425 and cytokines by PCR technology 

Amplitaq DNA polymerase is error prone and to ensure that no errors were incorporated the sequences 
of those segments amplified by PCR technology was determined. Primers used in these experiments are 
summarized in Table I. 

20 

Generation of CH1 fusion proteins 

The pUH5 plasmid contains the sequences for the heavy chain FAb425 fragment for procaryotic 
expression with the N-terminal pelB leader-sequence derived from Erwinia carotovora (Lei et al., J. Bact. 

25 169:4379-4383, 1987) to ensure protein secretion. The Hindlll/Notl fragment was recloned into the bluescript 
KS+ vector. The cytokines IL-4 and IL-7 were amplified by PCR technology to introduce a 5' Ncol and a 3' 
BamHI restriction site, respectively. IL-2 and TNFa already contain the 5' Ncol and 3' BamHI restriction 
sites. All cytokines were cloned as Ncol/BamHI fragments behind the CH1 domain. In these constructs the 
cytokine sequences were not in frame. Therefore an adaptor (5TCGACAAGAAAG 3') was introduced 

30 between the Sail and Ncol restriction sites. In the resulting constructs the heavy chain and the cytokine are 
expressed as a fusion protein with one additional amino acid (Ala) introduced by the adaptor sequence. The 
Dralll/BamHI fragments were cloned into the pHCMV expression vector containing the complete MAb425 
heavy chain cDNA clone. In this construct the pelB leader sequence was exchanged with the leader 
sequence of the MAb425 heavy chain cDNA. 

35 

Generation of CH2 and CH3 fusion proteins 

The ASacll c 7 1 DNA was amplified by PCR technology, in two separate reactions using CH2-3'end 
primers which overlap, in frame, with the 5'end of the corresponding cytokine such as IL-2 and IL-7. The IL- 

40 2 and IL-7 cDNA clones were also amplified by PCR. At the 3'end unique Notl and Sail site were 
incorporated into the IL-2 construct and an unique Xbal site into the IL-7 construct to facilitate subcloning 
into the SK+ vector and subsequently into the pHCMV expression vector. The fusion of the IL-2 and IL-7 
PCR products with the complete ASacll c 7 1 region was done by PCR recombination. The resulting 
BamHI/Notl ASacll c 7 1 CH2-IL-2 fragment was subcloned into SK+ containing the mAb425 heavy chain 

45 variable region. The Sacll/Xbal ASacll C7ICH-2 IL-7 fragment was subcloned into the SK+ vector 
containing mAb425 heavy chain variable region and the ASacll c 7 1 region up to the Sacll site. This 
procedure generated the complete mAb425-CH2 IL-2 and IL7 fusion genes, respectively. The complete 
mAb425-CH3 IL-2 fusion gene was generated accordingly with the exception that the ASacll c 7 1 was 
amplified from the unique Sacll site as the 5'end. The Sacll/Pstl fragment of the mAb425-CH2 IL-2 in 

50 SK + containing the CH2 IL-2 fusion was then exchanged with the Sacll/Pstl fragment containing the CH3 IL- 
2 fusion. The complete mAb425 fusion genes were then cloned into the pHCMV vector for expression in 
eucaryotic cells. 

Expression of immunoconjugates 

55 

Introduction of vector constructs for the expression of a monovalent immunoconjugate including only 
the CH1 domain or divalent immunoconjugates including the CH2 and CH2 plus CH3 domains into host 
cells can be achieved by electroporation, DEAE dextran, calcium phosphate, Lipofectin or protoplast fusion. 
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Any host cell type may be used provided that the recombinant DNA sequences encoding the immunocon- 
jugate and the appropriate light chain are property transcribed into mRNA in that cell type. Host cells may 
be mouse myeloma cells which do not produce immunoglobulin such as Sp2/0-AG14 ( ATCC CRL 1581), 
P3X63Ag8.653 ( ATCC CRL 1580) or hamster cells such as CHO-K1 ( ATCC CCL 61), or CHO/dhFr- ( ATCC 
5 CRL 9096), or BHK-21 ( ATCC CCL 10). For transient expression COS-1 (ATCC CRL 1650) or COS-7 (ATCC 
CRL 1651) may be used. 

Transient expression of immunoconjugates 

w The expression vector pHCMV contains the origin of replication of the simian virus 40 (SV40). The cell 
line COS-7 is a derivative of the simian cell line CV-1 which has been transformed with an origin-defective 
SV40 virus. Therefore, plasmids containing the SV40 origin of replication will be amplified and the 
production of immunoconjugates will be improved. Supernatants were harvested 72 hours later and tested 
for EGF-receptor binding and cytokine concentration. 

75 

Permanent expression of immunoconjugates 

Vectors containing recombinant constructs for the expression of immunoconjugates are introduced into 
apropriate host cells. The heavy and light chain constructs can be placed in the same or separate vectors: 
20 In the latter case both vectors may carry the identical selection marker such as Neomycin resistance or 
dhFr, or two different selection markers to select for the presence of both vectors. Selection for the dhFr 
marker can only be performed in dhFr negative cell lines such as CHO/dhFr-. Clones are analyzed for 
expression of immunoconjugates by EGF-receptor-specific ELISA. Selected clones are then further purified 
by limiting dilution cloning. 

25 

Construction of the prokaryotic expression vectors for MAb425-CH1-cytokine fusionprotein ex- 
pression 

The DNA sequences coding for the MAb425 light chain and the Fd fragment of the heavy chain have 
30 been introduced into the multiple cloning site of the pSW1 vector. The mature light chain coding sequence 
and mature heavy chain coding sequence are preceeded by the leader peptide of the bacterial pelB gene. 
The heavy chain coding sequence contains a 3' Ncol site. The cytokine encoding cDNAs were modified by 
PCR to introduce the Ncol (5' end) and the Notl (3' end) restriction sites. The cytokine genes were fused in 
frame directly to the CH1 domain of the heavy chain. Primers used in these experiments are summarized in 
35 Table II. 



40 
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Table I 



PCR primers used for the generation of MAb425-cytokine fusion proteins 


Construct 


primer 


primer DNA sequence 


CH2-IL-2 


c 7 1 5' primer* 


5'AACAGCTATGACCATG 3' , 




C7I 3' primer 


5'ACTTGAAGTAGGTGCCATTTTGGCTTTGGAGATGGT 3' 




cytokine 5' primer 


5 ' ATG G C ACCTACTTC AAGT 3' 




cytokine 3' primer 


5TATAGCGGCCGCGTCGACTCAAGTTAGTGTTGAGATG 3* 


CH-3 IL-2 


C7I 5' primer** 


5'CAAGACAAAGCCGCGGGAG 3' 




C7I 3' primer 


5'ACTTGAAGTAGGTGCCATTTTACCCGGAGACAGGGAG 3' 




cytokine 5' primer 


5 'ATG GC ACCTACTTC AAGT 3' 




cytokine 3' primer 


5'CTTCTTCTAGACACTGCAG 3' 


CH1-IL-4 


cytokine 5' primer 


5'ATCACCATGGTAATGCACAAGTGCGATATCACC 3' 




cytokine 3' primer*** 


5 f CAG G AAAC AGCTATG AC 3' 


CH1-IL-7 


cytokine 5' primer 


5'CTTACCTGCCATGGATTG 3' 




cytokine 3' primer 


5'CAGAATTCGGATCCTTATCAGTG 3' 


CH2-IL-7 


C7I 5' primer* 


5'AACAGCTATGACCATG 3' 




C7I 3' primer 


5TTCGATATCACAATCCATTTTGGCTTTGGAGATGGT 3' 




cytokine 5' primer 


5'ATGGATTGTGATATCGAA 3* 




cytokine 3' primer 


5TAATTCTAGATCAGTGTTCTTTAGTGC 3' 



Table II 



PCR primers used for the generation of FAb425-cytokine fusion proteins (procaryotic expression) 


Construct 


primer 


primer DNA sequence 


CH2-IL-2 


cytokine 5' primer 


5'CTTACCTGCCATGGCACCT 3' 




cytokine 3' primer 


5'TGGTAGCGGCCGCTTATCAAGTTAGTGTTGA 3' 


CH1-IL-4 


cytokine 5' primer 


5'ATCACCATGGTAATGCACAAGTGCGATATCACC 3' 




cytokine 3' primer 


5'GGTAGCGGCCGCTTATCAGCTCGAACACTT 3' 


CH1-IL-7 


cytokine 5' primer 


5'CTTACCTGCCATGGATTG 3' 




cytokine 3' primer 


5'TGGTAGCGGCCGCTTATCAGTGTTCTTTAGT 3' 



These vectors enable the efficient expression of functional Fab-cytokine fusion proteins in E, coil The 
light chain and the heavy chain-cytokine fusion protein are located on a dicistronic messenger RNA placed 

50 under control of the inducible lac promotor (Skerra and Pluckthun, Science 242:1038-104, 1988). Therefore, 
expression of the Fab-fusion protein can be induced according to the requirements for culture conditions. 
The translation of both proteins from a dicistronic messenger RNA favours synthesis of equal amounts of 
Fd-IL-2 fusion protein and light chain thus increasing the chances for correct assembly into function Fab- 
fusion proteins. The two polypeptides are secreted into the periplasm of E. coli, where folding, formation of 

55 disulfide bonds and assembly into functional FAb425CH1 fusion protein takes place. Under prolonged 
culture of bacteria the proteins are excreted into the culture medium. 
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Expression of MAb425-CH1-IL-2 fusion protein in E. coll and purification 

E. coll strains suitable for protein expression were transformed with the expression plasmids. Cells were 
grown to ODsso 0.5 and induced with IPTG (1mM). Cells were grown overnight and supernatants and cells 
5 were harvested. The supernatant was applied to an antiMAb425 anti idiotypic column. The column was 
washed with phosphate buffered 0,5 M NaCI and bound proteins were eluted with 100 mM Glycine 0,5 M 
NaCI, pH 2,5. The eluate was immediately neutralized with Tris 2.5 M pH8. MAb425-CH1-IL-2-containing 
fractions were pooled, concentrated and dialyzed against PBS. 

w Binding properties of MAb425 immunoconjugates 

The binding properties of the MAb425 immunoconjugates were determined by EGF-receptor-specific 
ELISA. In brief microtiter plates were coated over night at 4°C with purified EGF-receptor and washed to 
remove unbound protein. The plates were incubated with fusion protein-containing supernatants or super- 
15 natants containing unconjugated MAb or Fab fragments or the proteins in purified form. Plates were washed 
and incubated with goat-anti-human IgG and IgM (heavy and light chain) conjugated to peroxidase. 
Substrate was added and the amount of bound EGF-receptor-specific protein was determined by measure 
at 450 nm (figure 2). The cytokine concentration was determined by commercially available ELISAs specific 
for each cytokine according to the manufacturers instructions (data not shown). 

20 

Proliferation of leukocytes 

Tumor-specific effector cells 

25 Peripheral blood mononuclear leukocytes and tumor infiltrating lymphocytes (TILs) isolated from 
melanoma patients were cc-cultured with irradiated (30Gy) autologous tumor cells in medium (RPMI 1640, 
1% Penicillin/Streptomycin, 1% Glutamin, 20 mM Hepes, 50 mM £ Mercaptoethanol, 10 % fetal calf serum, 
20 U/ml IL-2, 20 U/ml IL-4). Responder cells were weekly stimulated with autologous tumor cells. 

30 Determination of proliferation 

The cytokine-mediated proliferation may be determined with 
a) appropriate indicator cell lines. In the case of IL-2 the IL-2-dependent mouse cell line CTLL-2 ( ATCC 
TIB 241) (figure 3A) or other IL-2-dependent cell lines may be used. 
35 b) in vitro expanded tumor infiltrating lymphocytes (figure 3B) 

c) freshly isolated blood mononuclear cells pretreated with PHA-M (Sigma). In this case the experiment 
was done with MAb425-IL4 fusion proteins (figure 4). 
Freshly prepared human peripheral blood leukocytes from healthy blood donors or melanoma patients 
or TILs isolated from melanoma patients were propagated in vitro (see above). For assaying the fusion 
40 proteins the lymphocytes were cultured in 96 well flat-bottom microtiter plates at a density of 1x10 5 cells 
per well in a final volume of 200 ul. Cells were incubated with fusion protein-containing supernatants or 
supernatants containing unconjugated MAb or supernatants containing unconjugated cytokines or the 
proteins in purified form. After 72 hours the cells were pulsed with 0.5 nCi 3 H-thymidine. Incorporation of 
radioactivity was determined after overnight incubation by liquid scintillation £-plate counting. The results 
45 are expressed as the average cpm. 

Determination of cytotoxicity of MAb425-TNFa immunoconjugates 

Determination of TNFa-mediated cytotoxicity 

50 

TNFc* was described to be directly cytotoxic for certain cells, including a variety of tumor cells. The 
direct cytotoxic potential of TNFa can be determined with L929 murine fibroblasts ( ATCC CCL 1) or WEHI 
164 ( ATCC CRL 1751) or other TN Fa-sensitive cell lines as described (Flick & Gifford, 1984, J. Immunol. 
Meth. 68:167). In figure 4 the the cytotoxic potential of MAb425CH1 -TNFa and MAb425CH2-TNFa are 
55 demonstrated on WEHI164 cells as indicator cell line.. 
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Determination of TN Fa- induced cytotoxicity 

EGF-receptor-positive cell lines such as the highly invasive and spontaneously metastatic, EGF- 
receptor-positive cell line C8161 (Welch et al., 1991, Int. J. Cancer 47: 227, and references cites therein) 

5 may be used as target cells for cytolysis by allogeneic tumor infiltrating lymphocytes or freshly isolated 
human peripheral blood lymphocytes from melanoma patients or healthy donors. Culture conditions for 
tumor cells and TILs have been described previously (Shimizu et al., 1991, Cancer Res. 51:6153). 

In vitro cytotoxicity assays were performed using 51 Cr-labeled tumor target cells. Target cells were 
labeled with 51 Cr (1 OOuCi/1 0 7 cells) for 1 hour followed by three washing steps to remove excessive 51 Cr. 

w 2x1 0 3 target cells per well were co-incubated with effector cells in 96 well microtiter plates in the presence 
of fusion protein-containing supernatants or supernatants containing unconjugated MAb or supernatants 
containing unconjugated cytokines (controls) or the proteins in purified form. The supernatants or purified 
proteins were serially diluted in culture medium and assayed in triplicates. The plates were incubated for 4 
hours at 37° C in a 10 % C0 2 atmosphere. The cells were then removed by centrifugation and radioactivity 

15 in the supernatants was determined in a 7 counter. Percent specific 51 Cr-release was calculated according 
to the formula: 

% specific 

20 siCr-reIease = 100 X ( Ex P erimental release-spontaneous release) 

(maximun release-spontaneous release) 



25 Therapeutic use of the immunoconjugates 

The immunoconjugates according to the invention can be administered to human patients for therapy. 
Therefore, it is an object of the invention to provide a pharmaceutical formulation comprising as active 
ingredient at least one fusion protein defined above and in the claims, associated with one or more 
30 pharmaceutical^ acceptable carrier, excipient or diluent therefore. 

Typically the immunoconjugates of this invention will be injected intravenously or parenterally. Gen- 
erally, the dosage ranges for the administration of the immunoconjugates are large enough to produce the 
desired tumor suppressing and tumor lysing effect. The dosage will depend on age, condition, sex and 
extent of the desease in the patient and can vary from 0.1 mg/kg to 200 mg/kg, preferrably from 0.1 mg/kg 
35 to 100 mg/kg/dose in one or more doses administrations daily, for one or several days. 

Preparations for parenteral administration includes sterile aqueous or non-aqueous solutions, suspen- 
sions, and emulsions. Examples of non-aqueous solvents are propylene glycol, polyethylene glycol, 
vegetable oils such as olive oils, and injectable organic esters such as ethyl oleate and other solvents 
known in the art which are suitable for these purposes. The immunoconjugates of this invention can be 
40 used in a composition comprising a physiologically acceptable carrier. Examples of such suitable carriers 
are saline, PBS, Ringers solution, or lactated Ringer's solution. Preservatives and other additives such as 
antibiotics, antioxidants, and chelating agents may also be present in the pharmaceutical formulations. 

The pharmaceutical formulations of the present invention are suitable for the treatment of all kinds of 
tumors, including melanomas, gliomas and carcinomas, as well as blood tumors and solid tumors. 



45 



Claims 



1. Immunoconjugate comprising of (1) a monoclonal antibody or a fragment thereof directed to a tumor 
cell bearing an antigen epitope of the epidermal growth factor receptor (EGFR), and (2) a biologically 

50 active ligand which is fused to said antibody or antibody fragment and having a cytotoxic capacity to 
lyse the tumor cell specifically in situ or inducing a tumor-specific immune response. 

2. Immunoconjugate according to Claim 1, wherein the biologically activ ligand is a cytokine. 

55 3. Immunoconjugate according to Claim 2, wherein the cytokine is selected from the group TNF«, IL-2, IL- 
4, and IL-7. 
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4. Immunoconjugate according to one of the Claims 1 to 3, wherein the antibody is a Fab fragment or a F- 
(ab')2 fragment consisting essentially of the variable region of the antibody heavy chain, the CH1 
domain of the constant region, and the appropriate light chain (antibody-CH1 conjugate). 

s 5. Immunoconjugate according to one of the Claims 1 to 3, wherein the antibody is an antibody fragment 
consisting essentially of the variable region of the antibody heavy chain, the CH1 and CH2 domains of 
the constant region, and the appropriate light chain (antibody-CH2 conjugate). 

6. Immunoconjugate according to one of the Claims 1 to 3, wherein the antibody consists essentially of 
w the variable region of the antibody heavy chain, the CH1, CH2 and CH3 domains of the constant region, 

and the appropriate light chain (antibody-CH3 conjugate). 

7. Immunoconjugate according to one of the Claims 1 to 5, wherein the antibody or antibody fragment 
derives from murine, humanized or chimeric MAb 425. 

75 

8. An immunoconjugate selected from the group MAb 425-CH1-TNFa, MAb 425-CH2-TNFa, MAb 425- 
CH3-TNFa, MAb 425-CH1-IL2, MAb 425-CH2-IL2 and MAb 425-CH3-IL2. 

9. Method for manufacturing an immunoconjugate according to one of the Claims 1 to 8 by fusing the 
20 DNA sequences encoding for the antibody or antibody fragment and the biologically active ligand with 

one another, placing the resulting construct into an expression vector which is transformed into the host 
organism, cultivating the host cells in a nutrient solution and expressing the fusion protein. 

10. Method according to Claim 9 by fusing the DNA sequences encoding for the antibody or antibody 
25 fragments and the biologically active ligand on a single stranded DNA by means of a oligonucletide 

which is complementary to the desired fusion DNA-sequence. 

11. Method according of Claim 9 or 10 for expression of antibody-CH1 conjugates in an E. coli host. 

30 12. Method according of Claim 9 or 10 for expression of antibody-CH2 or antibody-CH3 conjugates in an 
eukaryotic host. 

13. Pharmaceutical composition comprising at least one of the immunoconjugates according to Claims 1 to 
8 and a physiologically acceptable carrier. 

35 

14. Use of an immunoconjugate according to one of the Claims 1 to 8 for the preparation of a drug directed 
to tumors. 
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Fig. 2 
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Fig. 3 



140000 
120000 
100000 
80000 
60000 
40000 
20000 
0 



i — i — i — i — i — i — r 




i i i i i 



VA 



i i — i i i i r 



1280640320 160 80 40 20 10 



—-/ 1 1 1 1 1 1 

KO 0.2 0.3 0.6 1.3 2.5 5.010.0 



1 40000 
120000 
100000 
80000 

£ 

S 60000 
40000 
20000 
0 



1 T 1 - \ 


i i i i i i i i 


r - 






\ / : 


i i i i i i -i 


" / 

- • 

A 

1 1 1 1 \ 1 i I 



»0000 3000 '000 30C 10*3 JO »0 *0 0.2 C.J 0.6 I.J 2 b 5 0 10 0 



50000 
40000 
30000 
20000 
10000 
0 



-/A — i — i — i — i — i — r 



/ 



/ 



— i — i — i — r 



7=^ 



~7 



/ y£\ I I I I I 1 



KO 640320160 80 40 20 10 KO 1.6 3.1 6.3 1 2. 325. 0 50 1 OO 



15 



EP 0 659 439 A2 



Fig. 4 
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Fig. 6 
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